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Abstract 

Background: The aim of the present study was to assess the muscular variations at the electromyography (EMG) 
level for the anterior temporalis muscles and masseter muscles during treatment with Occlus-o-Guide® and 
Andresen activator appliances. 

Methods: Eighty-two patients (35 males and 47 females) aged between 8 and 12 years (mean age, 10.5 ± 0.8 years) 
participated in the study. Fifty patients underwent treatment with an Occlus-o-Guide® and 32 patients with an 
Andresen activator. All patients underwent EMG examination using a Freely EMG (De Gotzen, Legnano, Italy) and 
surface bipolar electrodes when the appliances were worn for the first time (TO), and after 6 months (T1) and after 
12 months (T2) of appliance use. 

Results: Statistical analysis showed that both at TO and T2, the percent overlapping coefficient (POC) of the anterior 
temporalis muscles was not statistically different between the appliance groups. At TO, the POC of the masseter 
muscles was significantly lower for the Andresen appliance as compared to the Occlus-o-Guide® (p = 0.02), while at 
T2 this significance was lost. 

Conclusions: At insertion of an appliance, all patients show neuromuscular balance that does not correspond to 
orthognathic occlusion. Both appliances work by creating muscular imbalance. With the appliances in situ, EMG 
responses were generally analogous for the Occlus-o-Guide® and the Andresen activator; however, the imbalance 
was greater and the recovery of the orthological muscular balance was slower in patients under treatment with the 
Andresen activator as compared to those with the Occlus-o-Guide®. 
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Background 

In recent years, technological innovations have led to 
the production and introduction into clinical orthodon- 
tic practice of electronic instruments for the recording 
of patient physiological and biological data obtainable 
through objective examinations. These now also supply 
diagnostic documents that have medico -legal value [1-4]. 
Surface electromyography (EMG) represents one of 
these instrumental techniques [1]. 

Functional orthodontic appliances used with growing 
patients have important roles relating to neuromuscular 
function. The use of EMG allows the analysis of the 
neuromuscular patterns of patients before, during and 
after therapy with such functional appliances. 
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Many authors have highlighted the effects of functional 
orthodontic appliances on the stomatognathic systems 
[5-10]. Ahlgren [6] indicated that the protractor muscles 
of the mandible are stimulated during daytime use of 
activators while the retractor muscles are inhibited; 
these effects are not seen during night-time use. Ahlgren 
[6] also showed that before and after activator treatment, 
Class II patients have balanced EMG patterns. 

Sander [11] also described different effects of functional 
therapies between day and night use, whereby wearing an 
appliance during the day corresponds to neuromuscular 
programming. Aggarwal et al. [12] showed that in Class II 
patients there is a significant increase in EMG activity in 
the masseter and anterior temporalis muscles during treat- 
ment with a twin block, due to an enhanced stretch reflex 
of the elevator muscles. Indeed, in patients in therapy with 
an activator, the viscoelasticity of the soft tissues generates 
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a passive tension that has a more important role than the 
phasic stretch reflex during orthopaedic therapy with 
activators [13]. Yuen et al. [14] also showed that the 
effects of an activator on the neuromuscular system 
are due to the downward shifts of the mandible, which 
change the fibre lengths of the muscles. 

At the beginning of treatment with an activator, Uner 
et al. [15] showed evidence for an increase in the activities 
of the masseter and temporalis muscles in the rest position 
and a decrease in the maximum biting force. At the end of 
the treatment, the activities of both muscles had decreased 
in the rest position. Both changes were recorded during 
EMG only with the activator positioned in the mouth of 
the patients; no changes were seen without the activator in 
position. 

The present study illustrates the clinical applications of 
EMG in orthodontics and emphasises how the use of this 
diagnostic method allows basic information to be obtained 
with respect to the functional needs for malocclusion cor- 
rection. Furthermore, results obtained from an EMG study 
in patients under treatment with functional appliances are 
also shown, relating to the use of an Occlus-o-Guide® 
(Ortho-Tain 950 Green Bay Road Winnetka, IL 60093) and 
an Andresen activator (Figures 1 and 2, respectively). The 
aim of the present study was, therefore, to assess the mus- 
cular variations at the EMG level for the anterior tempor- 
alis muscles and masseter muscles during treatment with 
Occlus-o-Guide® and Andresen activator appliances. 

Methods 

Eighty-two patients (35 males and 47 females) aged 
between 8 and 12 years (mean age, 10.5 ± 0.8 years) 
participated in the present study. Fifty patients underwent 
treatment with an Occlus-o-Guide R and 32 patients with 
an Andresen activator. 

The selection criteria for patient participation were 
as follows: 

(a) Skeletal and dental Class II malocclusion 
(divisions 1 and 2). 

(b) Skeletal and dental deep bite. 

(c) Carpal growth index in period IV [4], pubertal spurt. 




Figure 1 Intraoral frontal view of a patient wearing an 
Occlus-o-Guide® appliance. 




(d) No temporomandibular joint disorders. 

(e) Absence of periodontal disease. 

Initial impressions were taken from all of the patients, 
and cephalometric tracings were performed. All of the 
cephalometric tracings were carried out by the same 
operator (CM.) to minimise measurement errors. The 
selected sample turned out to be homogeneous for 
skeletal age (timing) and malocclusion. All patients 
during the pubertal growth spurt were asked to give 
maximum cooperation. 

All of the patients for treatment with the Occlus-o- 
Guide® received either a G-type or N-type appliance, 
according to their dentition phase. G-type appliances are 
indicated for malocclusions in the mixed dentition, 
and they guide posterior teeth eruption into a Class I 
relationship. N-type appliances are indicated in per- 
manent dentition, where the design prevents overbite 
relapse while at the same time advancing the mandible. 
The patients were instructed to use the devices by 
gradually increasing the application period up to 2 to 4 h 
during the day, plus all night. 

An Andresen-type appliance was constructed for 
each candidate for treatment with an activator, using 
construction wax taken in an incisor edge-to-edge position 
or otherwise within the maximum protrusion of the patient. 
Resin capping was applied to the activator on the labial side 
of both the upper and lower front teeth to reduce the 
vestibular inclination effect that has been documented 
in the literature [16]. 

All of the patients underwent EMG examination using 
a Freely EMG (De Gotzen, Legnano, Italy) and surface 
bipolar electrodes. All of the EMG examinations were 
carried out by the same operator (L.G.) to minimise 
measurement errors. For every patient, three datapoints 
were included: when the appliances were worn for the 
first time (TO), and after 6 months (Tl) and 12 months 
(T2) of appliance use. The patients were asked to repeat 
every exercise three times for every datapoint, with the 
mean used. A total of 1,530 tests were carried out. 
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During each data acquisition, the patient carried out 
the tests provided for the EMG protocol as detailed by the 
Laboratory of Functional Anatomy of the Stomatognathic 
System (Labomtorio di Anatomia Funzionale dett'Apparato 
Stomatognatico): cotton, clench, clench-rest and tap tests. 
Subsequently, the patients were asked to wear the appliance 
and to exert maximum voluntary contraction on the 
appliance for 5 s, without making the head shake or 
the face wrinkle so as not to affect the test results. 

The EMG data analysed included the percent overlapping 
coefficient (POC) of the anterior temporalis muscle (POC- 
ATM) and the masseter muscle (POC-MM), and the 
clench measures as percentages of muscular contraction 
of the right/left anterior temporalis muscles (%RATM/ 
%LATM) and of the right/left masseter muscles (%RMM/ 
%LMM). These were all calculated from the values 
obtained with clenching on the teeth divided by those 
obtained with clenching on cotton rolls, expressed as per- 
centages. The distributions of the clinical variables between 
the two groups at each data collection point were com- 
pared using the Mann- Whitney test. Statistical analyses 
were performed with Stata 11 (StataCorp LP, College Sta- 
tion, TX, USA). All the patients signed an informed consent 
to partecipate at the study. No ethical approval was neces- 
sary because actually the electromyographic tests were re- 
quested to complete the diagnostic process. 

Results 

Without the appliances in place, the indices for the POC- 
ATM and the POC-MM always showed values >85% in the 
clench tests for all of the datapoint acquisitions in the EMG 
tests (Table 1). In contrast, with the appliances in situ, these 
values were increased from 79% to 86%, with the POCs for 
both appliances tending to increase during the treatment, 
from TO to T2. 

When the patients were not wearing the appliances, 
the muscular contractions in the clench tests were con- 
stantly >100% (Table 1), while when they were wearing 
the appliances, these values were lower (Table 2). These 
values also showed their maximum inhibition on delivery 
(TO) and gradually recovered during the treatments. 

The neuromuscular imbalance caused by the use of 
the Andresen appliance was greater when compared to 
that of the Occlus-o-Guide® because with the appliances 
in place, in all of the data acquisitions, the POC- ATM and 
POC-MM were always lower for the Andresen appliance 
(although not necessarily statistically significant). Statistical 
analysis showed that both at TO and T2, the POC- 
ATM index was not statistically different between the 
appliance groups (Table 2, p = 0.25, p = 0.09, respectively). 
At TO, the POC-MM was significantly lower for the 
Andresen appliance as compared to the Occlus-o-Guide R 
(Table 2, p = 0.02), while at T2 this significance was lost 
(Table 2, p = 0.11). The left temporal index (%LATM) was 



Table 1 EMG clench measures while not wearing the 
appliances 



EMG measure 
without appliances 



Appliance used EMG examination datapoint 



POC-ATM (%) 



POC-MM (%) 



%RATM 



%LATM 



%RMM 



%LMM 



Occlus-o-Guide 
Andresen activator 
P 

Occlus-o-Guide® 
Andresen activator 
P 

Occlus-o-Guide 8 
Andresen activator 
P 

Occlus-o-Guide® 
Andresen activator 
P 

Occlus-o-Guide® 
Andresen activator 
P 

Occlus-o-Guide® 
Andresen activator 
P 



TO 


T1 


T2 


87 ±5 


87 ±3 


87 ±4 


89 ±2 


87 ±7 


88 ±5 


0.16 


0.82 


0.05 


86 ±5 


86 ±6 


88 ±4 


88 ±3 


85 ±6 


88 ±3 


0.19 


0.68 


0.88 


112 ±27 


105 ±22 


101 ±24 


112 ±30 


108 ±21 


108 ±28 


0.85 


0.09 


0.13 


1 1 3 ± 24 


1 09 ± 24 


107 ±22 


112 ±25 


116 ±23 


108 ±28 


0.71 


0.18 


0.90 


102 ±27 


101 ±25 


102 ± 18 


m ±34 


1 1 2 ± 24 


109 ±25 


0.53 


0.01 


0.15 


1 05 ± 27 


104 ±30 


104 ±21 


111 ±24 


115 ±36 


1 09 ± 30 


0.30 


0.15 


0.97 



Data are means ± standard deviation. TO, first use; T1, after 6 months; T2, after 
12 months; POC-ATM, percent overlapping coefficient of the anterior 
temporalis muscles; POC-MM, percent overlapping coefficient of the masseter 
muscles; %RATM, %LATM, %RMM, %LMM, clench percentages for each muscle; 
p, significance between appliances (Mann-Whitney test). 

generally lower for the Andresen appliance, with this 
difference from the Occlus-o-Guide® reaching signifi- 
cance both at Tl and T2 (Table 2, p = 0.04, p = 0.009, 
respectively); the right temporal index (%RATM) was 
only significantly smaller for the Andresen appliance at T2 
as compared to the Occlus-o-Guide® (Table 2, p = 0.001). 
No statistically significant differences were found for 
the Andresen appliance with the right masseter index 
(%RMM) and left masseter index (%LMM) as compared 
to the Occlus-o-Guide®, except for the values at TO 
(Table 2, p = 0.001,^ = 0.005, respectively). 

Discussion 

Mandibular growth can be influenced by a variety of 
functional orthodontic appliances because of the skeletal 
and neuromuscular adaptations that occur as a response 
to therapy [14-24]. 

For this reason, a lot of studies have investigated the 
muscle changes during such functional treatment [17-32]. 
Hiyama et al. analysed neuromuscular adaptation to 
functional therapy through the use of needle EMGs 
[17]. Indeed, functional orthodontic appliances have 
been used for decades to correct skeletal malocclusions. 
Clinicians have suggested that the changes associated 
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Table 2 EMG clench measures while wearing the appliances 



EMG measure Appliance used 
with appliance 



EMG examination datapoint 



POC-ATM (%) 



POC-MM {%) 



%RATM 



%LATM 



%RMM 



%LMM 



Occlus-o-Guide 
Andresen activator 
P 

Occlus-o-Guide 8 
Andresen activator 
P 

Occlus-o-Guide 8 
Andresen activator 
P 

Occlus-o-Guide® 
Andresen activator 
P 

Occlus-o-Guide 8 
Andresen activator 
P 

Occlus-o-Guide® 
Andresen activator 
P 



TO 


T1 


T2 


79 ± 13 


82 ±7 


83 ±4 


73 ± 17 


81 ±10 


82+16 


0.25 


0.72 


0.09 


84 ±8 


85 ±7 


86 ±4 


80 ±8 


84 ±6 


84+12 


0.02 


0.05 


0.11 


60 ±29 


64 ± 19 


68 ±23 


46 ±27 


68 ±36 


88 ±37 


0.05 


0.96 


0.001 


66 ± 39 


65 + 18 


71 + 26 


52 ±28 


58 ±26 


86 ±24 


0.10 


0.04 


0.009 


87 ±36 


89 ±26 


99 ±36 


60 ±30 


90 ±32 


99 ±29 


0.001 


0.92 


0.40 


85 ±43 


88 ±24 


95 ±31 


60 ±30 


87 ±29 


98 ±32 


0.005 


0.77 


0.16 



Data are means ± standard deviation. TO, first use; T1 , after 6 months; T2, 1 2 
after months; POC-ATM, percent overlapping coefficient of the anterior 
temporalis muscles; POC-MM, percent overlapping coefficient of the masseter 
muscles; %RATM, %LATM, %RMM, %LMM, clench percentages for each muscle; 
p, significance between appliances (Mann-Whitney test). 

with functional appliances are due to the enhancement 
of muscular activity when dramatic skeletal and occlusal 
changes occur [29]. This, in turn, can modify mandibular 
and maxillary growth while guiding the eruption of teeth 
into more acceptable relationships [33]. However, it is still 
unclear how functional appliances influence the jaw 
muscles and mediate bony changes [34-36]. 

In the present study, without the appliances in place, 
for the patients under treatment with both the Occlus- 
o-Guide® and the Andresen appliance, the percentages 
of muscular contraction during the clench test for both 
the anterior temporalis muscles and the masseter muscles 
were >100% before and after the treatments. On the basis 
of what has been said, it can thus be deduced that these 
patients under treatment with both the Occlus-o-Guide 
and the Andresen appliance should show neuromuscular 
balance benefit when carrying out the test of maximum 
voluntary clench on their teeth, over the period of the 
whole treatment. However, their condition worsened 
when the test was carried out with the appliances placed 
inside their mouths, with maximum inhibition at TO, but 
with a constant recovery through Tl to T2. 

Compared with those with the Occlus-o-Guide®, the 
patients with the Andresen activator showed contraction 
values with the activators in place that were lower at TO. 



This arises as the Andresen activator has a customised 
construction bite while the Occlus-o-Guide® has a stand- 
ard one. Thus, the neuromuscular imbalance caused by 
the activator is apparently greater due to this customised 
construction bite. 

These results are in agreement with the study of Ahlgren 
[6], who demonstrated that in Class II patients the pro- 
tractor muscles are weak and hypotonic. In this study, 
Ahlgren [6] analysed 20 Class II cases treated with activa- 
tors, noting that (1) during daytime use of activators, the 
retractor muscles of the mandible are inhibited while the 
protractor muscles are stimulated, and no functional stimu- 
lation could be shown; (2) before and after the treatment, 
the Class II cases show a balanced EMG pattern during 
closure in the intercuspal position; and (3) a narrow maxil- 
lary arch should be expanded before treatment to make it 
easier for the lower arch to adapt itself to a protruded pos- 
ition. Ahlgren [6] also found the same results in his studies 
of EMG responses during therapy with an activator. Of 
note, the much earlier study by Eschler [34] found differ- 
ent results in Class II patients, where he reported that 
the activator stimulated the retractor muscles by the 
stretching reflex. 

Regular evaluation of patients under orthodontic 
treatment from a neuromuscular point of view adds 
functional evaluation to clinical practice. Furthermore, 
it makes it possible to instrumentally obtain an evaluation 
of some parameters that would otherwise be difficult to 
evaluate, if not empirically. The role of the musculature in 
the diagnostic-therapeutic field is becoming more and 
more important, particularly as this is often the subject of 
medico-legal disputes. 

It can be confirmed that the masticatory muscles respond 
positively to treatments with elastodontic appliances when 
they are used to bring the patient from compensatory 
balance to orthological balance. Indeed, during functional 
therapy, the elevator muscles undergo an elongation that is 
proportional to the amount of bite raising and mandibular 
protrusion [34]. When a muscle changes its length, 
the shape and amplitude of the motor unit change 
progressively [14,35]. Before structural adaptation to 
the masseter muscle, this lengthening takes place, and 
an increased activity would act to restore the original 
length reflexively. This adaptation of the muscular function 
takes place within a relatively short period, before compen- 
satory morphological changes can occur [7]. 

An increase in the postural activity of the superior 
head of the lateral pterygoid muscle after the insertion 
of a functional appliance might be responsible for the 
increased condylar growth in young animals, as suggested 
by the lateral pterygoid muscle hypothesis. Increased jaw 
elevator muscle activity during swallowing is necessary to 
stabilise the lower jaw against the appliance [26,27,36]. On 
the other hand, previous EMG investigations carried out in 
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non-human primates have indicated that the application of 
jaw-protruding functional appliances promotes a decrease 
in the function of these muscles, instead of an increase 
[37]. Sessle et al. [37] monitored the activity of the 
masticatory muscles with chronically implanted EMG 
electrodes to determine whether such functional appliances 
produce a change in postural EMG activity of the muscles. 
They concluded that the insertion of two types of 
functional appliance to induce mandibular protrusion 
was associated with a decrease in the postural EMG activity 
of the superior and inferior heads of the lateral pterygoid, 
superficial masseter and anterior digastric muscles [37] . 

After insertion of an appliance into the mouth, this might 
also promote a change in swallowing patterns. After 
appliance insertion, different facultative muscles, such as 
the facial muscles, can contribute to swallowing, with a 
consequent decrease in the activity in the other muscles 
[29,38-41]. 

Conclusions 

1. Upon insertion of an appliance (TO), all of the patients 
showed neuromuscular balance that did not 
correspond to orthognathic occlusion, both for those 
under treatment with the Occlus-o-Guide® and those 
under treatment with the Andresen activator. 

2. Both appliances work by creating muscular 
imbalance, as documented by the variations in the 
EMG indices and the maximum imbalance recorded 
in the first 6 months of treatment. 

3. With the appliances in situ, the EMG responses 
were basically analogous for the Occlus-o-Guide " 
and the Andresen activator. However, the imbalance 
was greater and the recovery of the orthological 
muscular balance was slower in patients under 
treatment with the Andresen activator as compared 
to those with the Occlus-o-Guide R . 

The masticatory muscles (anterior temporalis and 
masseter muscles) respond positively to treatment with 
elastodontic appliances in the attempt to bring a patient 
from compensatory balance to orthological balance. We 
believe that a step forward in the future will be a com- 
promise between these two appliances, which will need 
to combine the clinical applications of the Andresen 
activator with the resilience characteristics and the 
clinical applications of the eruption guide of the Occlus- 
o-Guide R . 
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